**What was known?**

Although several studies have indicated the relationship between mycosis fungoides (MF) and viral factors, the results still remain contradictory. In recent years, retroviruses such as human T-cell leukemia virus type 1 and herpes virus family members like Epstein-Barr virus have been discussed in connection with cutaneous T-cell lymphomas. There was no previous study regarding this point in Iranian population with MF.

Introduction {#sec1-1}
============

Cutaneous T-cell lymphomas (CTCL) form a heterogeneous group of peripheral extranodal non-Hodgkin lymphomas (NHL). Approximately, 25-40% of NHL cases occur in extranodal sites, with skin being the second most common extranodal site after gastrointestinal system.\[[@ref1]\] Mycosis fungoides (MF) is the most common form of CTCL resulting from clonal expansion of epidermotropic CD45RO^+^/CD4^+^ T helper cells.\[[@ref2]\] In the United States, 1000 new cases of MF occur in each year, accounting for 0.5% of the total NHL cases.\[[@ref1]\]

Although the etiology of MF is still unknown, infectious agents, genetic and environmental factors have been proposed as potential etiologic factors.\[[@ref3]\] MF is supposed to be caused by chronic antigenic stimulation, which can exacerbate and/or stimulate skin inflammation and T-cell clonal expansion and result in the accumulation of T-cells residing in the skin and lacking Fas-mediated apoptosis.\[[@ref2][@ref4]\] A number of viral and bacterial agents have been known to play a role in this chronic antigenic stimulation and are thought to play an important role in the etiology of MF. Although several studies have indicated the relationship between MF and viral factors, the results still remain contradictory. In recent years, retroviruses such as human T-cell leukemia virus type 1 (HTLV-1), HTLV-2 and human immunodeficiency virus and herpes virus family members like Epstein-Barr virus (EBV), human herpesvirus 8 and cytomegalovirus have been discussed in connection with CTCL.\[[@ref3][@ref4][@ref5][@ref6]\] The purpose of this study was to investigate the probable etiopathologic role of EBV in MF patients.

Materials and Methods {#sec1-2}
=====================

In this case-control study, microscopic slide and paraffin blocks of 125 MF patients were selected and reviewed. Definite cases of MF confirmed by immunohistochemistry were isolated. Exclusion criteria included incomplete records, lack of or scarcity of tissue in paraffin blocks and negative β-globin test result. Accordingly, a number of cases were excluded from the study and finally 57 skin biopsy samples of MF patients entered the study.

A total of 57 normal skin samples around the melanocytic nevuses eliminated for cosmetic reasons and matched for age and sex with patients were selected as the control group.

Then, using a microtome with disinfected blade, six 5-μm sections were prepared and placed in sterile 1.5 ml microcentrifuge tubes. The following steps were performed for deoxyribonucleic acid (DNA) extraction and polymerase chain reaction (PCR).

 {#sec2-1}

### Deparaffinization {#sec3-1}

The xylol/ethanol method was used. First, 1 ml xylol was added to 1.5 ml microtubes containing histological section and the microtubes were constantly stirred in laboratory temperature for ½ h. Then, the microtubes were centrifuged in 13,000 rpm for 10 min and the supernatant was discarded. These two steps were performed in duplicate. In the next step, 500 μl 100% ethanol was added to the sediment. After several inversions, the microtubes were centrifuged in 13,000 rpm for 10 min and the supernatant was discarded. This step was repeated and the sediment was incubated in laboratory temperature to completely evaporate the ethanol.

### DNA extraction {#sec3-2}

The procedure was performed manually. Extraction buffer was 100 mM Tris-Cl with pH = 7.5 and 0.05% Tween 20. A total volume of 400 μl extraction buffer and 20 μl proteinase K was added to each microtube. The microtubes were then placed in 100°C dry block to inactivate proteinase K. The microtubes were centrifuged in 5000 rpm for 10 min and the supernatant was used for PCR.

### PCR procedure {#sec3-3}

After DNA extraction from paraffin blocks, the quality of extracted DNA samples was evaluated using GH20 and PC04 β-globin gene primers. These primers amplify a 260 bp fragment with the following sequence:

GH20: 5' GAA GAG CCA AGG ACA GGT AC 3'

PC04: 5' CAA CTT CAT CCA CGT TCA CC 3'

PCR was conducted using the above-mentioned primers to amplify β-globin gene segment. The samples producing the 260 bp fragment using the desired primers were considered to be optimum.

EBV14/20 primers were used to evaluate the presence or absence of EBV sequences in extracted DNA samples. The sequence is as follows and the fragment length was 240 b.

EBV14: 5′ CTC TGG TAG TGA TTT GGA CC3′

EBV20: 5′ GTG AAG TCA CAA ACA AGC CC3′

After amplification, 5 μl of each sample was electrophoresed on 2% agarose gel and stained using Green viewer dye and was used to track 240 bp EBV fragment \[[Figure 1](#F1){ref-type="fig"}\].

![Gel electrophoresis of polymerase chain reaction performed to identify Epstein-Barr virus: 1 - Positive control; 2 - Negative control; 3 - Positive patient; samples 4, 5 and 6 - Negative patient; sample 7 - Weight marker of each 100 bp band](IJD-60-321b-g001){#F1}

The data were analyzed using the Statistical Package for the Social Sciences 11.5 SPSS Inc., 233 South Wacker Drive, 11^th^ Floor, Chicago, IL 60606-6412. Frequency diagram along with mean, median and standard deviation (SD) indices were used to describe data and Chi-square and Fisher\'s exact test were used to analyze data.

Results {#sec1-3}
=======

A total of 114 samples from 57 MF patients together with 57 normal skin samples around melanocytic nevuses of individuals matched for age and sex with patients entered this study. Nearly 50.7% of the patients were male and 48.9% female. Mean and SD of patients' age was 51.43 ± 16.34 years and they were in the range of 22-80 years. The majority of patients (40.4%) were over 60 years of age.

Among 57 samples of MF patients, 22 cases (36.8%) along with 4 cases in the control group (7%) were positive for EBV DNA using PCR. Using Chi-square test, EBV infection was significantly higher in case group compared with the control (*P* ≤ 0.001) \[[Figure 2](#F2){ref-type="fig"}\].

![Epstein-Barr virus infection frequency in the samples of the two groups under study](IJD-60-321b-g002){#F2}

Twenty out of 22 MF patients (90.9%) in whom EBV virus was detected had clinical lesion in the form of papule and plaque and there was one case of patch and nodular lesions. Based on Smirnov-Kolmogorov test, patient age followed normal distribution. T student test has shown that there is no significant difference between the mean age of the EBV positive and EBV negative patients (*P* = 0.579). There was no significant relationship between EBV infection and gender in patients according to Chi-square test (*P* = 0.627).

Discussion {#sec1-4}
==========

In this study, skin biopsy samples of 125 MF patients were evaluated in a 12 year period from 2000 to 2012 and 57 samples were included in the study according to exclusion criteria. There were 34 male and 23 female patients. Male to female ratio was 1.47. It was between 0.8 and 4 in other studies.\[[@ref3][@ref7][@ref8][@ref9][@ref10]\] The age range of patients was 22-80 with the average age of 50.9 years. The age range and average age of the patients was 14-82 and 48.5 in the study of Erkek *et al*.,\[[@ref3]\] 13-84 and 61 in the study of Novelli *et al*.,\[[@ref8]\] 60 in the study of Francesco *et al*.,\[[@ref7]\] 32-91 and 62 in the study of Bonin *et al*. and 29-82 and 60.4 in the study of Angel *et al*.\[[@ref10]\]

In this study, samples from MF patients showed the EBV virus genome considerably higher than the control group (*P* ≤ 0.001), suggesting a possible etiologic role of this virus in MF.

In the study of Lee on 21 CTCL patients, antibody against EBV Ag was seen in serum of 12 patients compared with 5 out of 21 in the control group (psoriasis) and it was concluded that EBV may be a trigger for initiation of the malignant process.\[[@ref11]\] In a study on 25 CTCL cases (including MF and Sézary\'s syndrome \[SS\]) and 12 cases of reactive inflammatory dermatosis as the control group, Dreno *et al*. showed 32% and 0% prevalence of EBV ribonucleic acid (RNA) in case and control groups, respectively and concluded that EBV can be a long-term etiologic agent or trigger for CTCL. On the other hand, infection by EBV can induce production of tumor necrosis factor alpha, interleukin (IL)-6 and IL-1a in keratinocytes, which is likely involved in tumoral infiltrate event.\[[@ref12]\] Kim showed the incidence of EBV in 15 out of 43 CTCL patients (35%) using PCR.\[[@ref13]\] Shimakage *et al*. performed a study on 7 MF and 5 CTCL patients of other types to evaluate the presence of EBV using *in situ* hybridization (ISH), PCR and indirect fluorescence staining. All the 12 cases were positive for EBV, but none of the 3 control cases (dermatitis) were positive for it.\[[@ref14]\] Novelli *et al*. studied 30 patients with SS, 71 MF and 18 inflammatory dermatosis patients along with 25 normal skin samples as the control group. The prevalence of EBV DNA was 27% in SS, 10% in MF and 11% in inflammatory dermatosis, but it was not detected in 25 normal skin samples and prevalence of EBV DNA in skin and peripheral blood was considerably consistent with patients' survey. They showed that detection of EBV DNA does not indicate its etiologic role in CTCL, but the presence of EBV DNA has negative prognostic value in MF and SS and highlights the clinical value of monitoring CTCL patients for EBV.\[[@ref8]\] Noorali *et al*. detected EBV genome in 3 out of 6 (50%) MF samples using PCR.\[[@ref1]\] In the study of Francesco *et al*., 6 out of 20 MF patients were positive for EBV and it was concluded that EBV positive patients had a worse prognosis, faster diseases progress and higher mortality than EBV negative patients. These findings showed that EBV may be a promoter causing acceleration of disease progress. In this study, average age of EBV positive patients (65 years) was higher than EBV negative patients (58 years), but there was no significant difference in age between EBV negative and positive patients in our study. In the study of Jumbou *et al*., patients with SS and MF had a higher titer of antibody against viral capsid (an average of 1200) compared with the control group (an average of 320). They concluded that EBV can directly affect lymphocytes, or more probably it can be indirectly involved by chronic antigenic stimulation.\[[@ref15]\] Erkek *et al*. showed that the incidence of EBV is likely to increase with disease stage. In other words, rapid lymphocyte proliferation resulting from EBV can cause a faster progression to end-stage clinical disease. In addition, the proliferation of T-cells may be faster in EBV positive cases of CTCL than EBV negative CTCL.\[[@ref3]\] In the study of Bonin *et al*. on 83 MF patients and 83 normal skin samples, EBV was found in 19% of MF patients and 5% of controls. Although this result was statistically significant, regarding the fact that most EBV infection cases accompanied other viruses like HTLV-1, they concluded that EBV may play the role of a cofactor than being the primary cause of antigenic stimulation for lymphoma.\[[@ref9]\] Anagnostopoulos *et al*. indicated the presence of EBV in 9 out of 42 cases of MF (21.4%) using PCR, 4 cases of which were positive for Epstein-Barr viral encoded RNA (EBER) by ISH.\[[@ref16]\] Chang *et al*. showed the presence of EBV in 2 out of 10 MF cases.\[[@ref17]\] Mouly *et al*. reported two cases of fatal MF, which were both positive for EBV.\[[@ref18]\]

In contrast, there are studies indicating no important etiologic role for EBV in Erkek *et al*. showed EBV in 9 cases (8.9%) among 92 MF samples. They showed no strong etiologic role for EBV. No primary role of EBV in the skin lesions of MF was found, but it may play the role of promoter in etiopathogenesis of MF.\[[@ref3]\] Nagore *et al*. concluded that EBV is not involved in the pathogenesis of primary cutaneous lymphomas, although PCR could detect EBV DNA in 7 out of 29 cases of MF.\[[@ref19]\] In the study of SU *et al*., no EBV genome was detected in 12 cases of classic CTCL/MF (CTCL Type I) or in three CTCL cases associated with HTLV-1 (type IV) using ISH to identify EBV genome.\[[@ref20]\] Kanavaros *et al*. did not detect EBV in any of the 14 samples of early stage MF, 21 cases of advanced MF and three cases of SS.\[[@ref21]\] Peris *et al*. found EBV DNA by PCR in one of the two cases of MF and 2 out of 22 normal skin samples and did not suggest an important role of EBV in incidence of cutaneous lymphoma.\[[@ref22]\] In the study of Angel *et al*., none of the 25 MF cases were positive for 1EBER or 2EBER by ISH.\[[@ref10]\] Iwatsuki *et al*. found no EBV in their survey of 19 patients with MF/SS.\[[@ref23]\]

EBV is the etiologic agent of infectious mononucleosis and after the initial infection; it causes predominantly latent lifelong infection of B-cells. In a few infected individuals, EBV is associated with lymphoproliferative and epithelial proliferative disorders including Burkitt\'s lymphoma, nasopharyngeal carcinoma and Hodgkin\'s disease. In immunosuppressed patients, whether normal or iatrogenic, EBV is a risk factor for lymphoproliferative disorders including immunoblastic B-cell lymphoma.\[[@ref14][@ref24]\] Increasing evidence suggests that EBV may be able to infect T-cells as well and it has also been shown that this virus is involved in three groups of T-cell lymphomas including lymphoma associated with hemophagocytic syndrome, nasal T-cell lymphoma and peripheral T-cell lymphoma of pleomorphic angioimmunoblastic lymphadenopathy type.\[[@ref14]\] EBV may function as a promoter in a multi-step process of tumor formation.\[[@ref3]\] Shimakage *et al*. showed that both lymphoma cells and keratinized squamous cells present in infiltration area of lymphoma cells in MF express EBV.\[[@ref14]\] EBV has been recognized to be associated with B-cell transformation from resting B-cells to ever growing lymphocytic cell line in the laboratory environment. Two virus related peptides of Epstein-Barr nuclear antigen and latent membrane protein play an essential role in cell transformation. Gene polymorphisms in these EBV genes may be associated with their ability to cause a transformation of cells.\[[@ref7]\] In addition to direct oncogenic capacity, these viruses appear to function as stable chronic antigen within the skin and indirectly cause the occurrence of CTCL. In addition, ability of these viruses to directly infect T-cells and cause latency in host tissues has made them new research foci to assess CTCL.\[[@ref3]\] ISH has shown early immediate EBV transcripts in CD4^+^ and CD8^+^ T-cells, indicating the contribution of EBV to T-cell proliferation and malignancy.\[[@ref9]\]

Conclusion {#sec1-5}
==========

Based on the results of this study, EBV is possibly involved in the pathogenesis of MF as a potential etiologic factor or promoter. It is recommended to assess positive cases of EBV by ISH or T-cell receptor gene rearrangement. These cases should also be evaluated for other viruses such as HTLV-1. The relationship between disease stage and prognosis with EBV status should be assessed in MF patients.

**What is new?**

EBV is possibly involved in the pathogenesis of MF as a potential etiologic factor or promoter in Iranian population with this disease.
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